Dr D Evan Bedford (London) Atrial Septal Defect
Atrial septal defect (A.S.D.) is the most frequent single congenital malformation of the heart encountered in clinical practice. I will discuss A.S.D. occurring as an isolated or as the main lesion, and exclude A.S.D. combined with other major malformations.
Before the War the diagnosis of A.S.D. depended mainly on the radiological features and could only be made with assurance in adults with gross changes in the heart and pulmonary vessels. The advent of cardiac catheterization enabled us to make the diagnosis with certainty in children before the occurrence of secondary cardiovascular changes. Catheterization proves the left-to-right shunt by demonstrating arterialized blood in the right atrium compared with the superior vena cava, and in the majority of cases the catheter can be passed through the defect into the left atrium.
To-day we can almost always make the diagnosis on ordinary routine clinical findings alone. Nevertheless, catheterization provides valuable information as to the volume of the shunt and the pulmonary arterial pressure, so that we always employ it before surgery.
Anatomical Varieties ofA.S.D. Once closure of A.S.D.s by open heart surgery became feasible, the need arose to recognize the anatomical variety of the defect before operation, and to-day we can usually do this. Secundum (fossa ovalis) defects: About 85% of A.S.D.s occupy the fossa ovalis, and sometimes they extend below the fossa lying astride the orifice of the inferior vena cava which thus opens into both atria. If the defect has no posterior margin, the right pulmonary veins open into both atria also. Superior caval (sinus venosus) defects: About 6 % of A.S.D.s lie above and separate from the fossa ovalis, immediately below the orifice of the superior vena cava (S.V.C.) which thus opens into both atria. In this variety, the right pul-monary veins are always abnormal. Usually the upper vein opens into the S.V.C., the middle vein or veins into one or both atria level with the septal defect and the lower vein into the left atrium. Atrioventricular (A-V) or primum defects: Excluding patients who die in infancy, about 10% of A.S.D.s overlie the ventricular septum and attached mitral and tricuspid valves. The anterior cusp of the mitral valve is almost always cleft or deformed, and sometimes the septal cusp of the tricuspid is similarly affected. When the cleft in these two valve cusps is continuous across the ventricular septum there is a common A-V canal with anterior and posterior leaflets and the upper part of the ventricular septum is defective also. When the ventricular septal defect is large, death in infancy is the rule and such cases are rarely seen outside a children's hospital; but where there is no gross ventricular shunt survival to adult life is possible. Hwmodynamics An A.S.D. of average size, say 3 cm in diameter, transforms the two atria into a physiological single chamber from which blood takes the path of least resistance into the more distensible right ventricle rather than the left. This left-to-right shunt increases the output of the right ventricle so that the pulmonary flow may be two to four times the systemic and attain a volume of 201. a minute or more. Vasodilatation in the lungs usually prevents any serious rise of pulmonary arterial pressure, but in about 12 % of cases obliterative changes develop in the small vessels which increase the vascular resistance and this results in obstructive pulmonary hypertension.
Cardiovascular Changes
The increased pulmonary circulation leads to hypertrophy and dilatation of the right atrium and ventricle and to dilatation of the pulmonary trunk and its main branches, which may eventually become atheromatous or even calcified. Pulmonary hypertension often provokes thrombosis of larger arterial branches which is one of the most serious complications of A.S.D. At birth the atrial shunt is probably small, but as the right ventricle involutes so the shunt increases and secondary changes in the heart develop gradually.
Rheumatic mitral disease may complicate atrial septal defect in adults, and 8 5 % of our 222 surgical cases had some degree of mitral stenosis at operation (Table 2) .
Clinical Features
In the last five years, my colleagues and I have investigated 400 cases of A.S.D. in the Department of Cardiology at the Middlesex Hospital and in my clinic at the National Heart Hospital and 252 of these have now been operated on by Mr Holmes Sellors and his colleagues. The age and -sex incidence is shown in Table 1 . Female predominance is greater in secundum than in primum defects in which post-mortem statistics show the sex incidence to be about equal. Table 1 Ageand sex incidence in 400 cases (252 surgical In an average case of secundum defect the important clinical signs are as follows: a right ventricular apical impulse, a pulmonary systolic -ejection murmur, a widely split second sound which varies little with respiration and a short delayed diastolic murmur due to increased flow through the tricuspid valve. The essential radiological features comprise right atrial and ventricular enlargement, gross dilatation of the pulmonary trunk and main branches and generalized pulmonary plethora; the aorta is small. These radiological changes may be little evident in children and are best seen in older adult patients.
The ECG shows in almost all cases a partial or complete right bundle branch block pattern, with the so-called RSR configuration in lead V1.
Pulmonary hypertension modifies the usual clinical signs. The pulmonary systolic murmur is less evident, the second sound is more closely split and accentuated, there is often a systolic ejection click and pulmonary incompetence is common, but the tricuspid diastolic murmur is usually absent. A prominent a wave appears in the jugular venous pulse. The ECG shows a gross right ventricular hypertrophy pattern in the chest leads.
Mitral stenosis combined with A.S.D. is very difficult to diagnose as its characteristic murmurs are much subdued and left atrial enlargement is less evident than usual in radiographs. It may be suspected in an adult when there is a rheumatic history, a grossly enlarged heart, atrial fibrillation, a raised jugular venous pressure and bifid P waves in the ECG. Occasionally, Kerley's lines are seen in radiographs. Superior caval defects can usually be diagnosed. There is an ampullary dilatation of the superior vena cava just above the right atrium, the anomalous right pulmonary veins can usually be entered at catheterization and they can also be demonstrated by tomography or better by angiocardiography.
In primum defects, the characteristic signs are due to mitral valve deformity. There is a pansystolic murmur and sometimes a thrill due to mitral incompetence, and the delayed diastolic murmur is longer, louder and better heard at the apex than in secundum defects. The ECG shows left axis deviation combined with a right bundle branch block pattern in the chest leads and this type of curve occurred in 33 out of 34 of my primum defects verified at operation or necropsy. A prolonged P-R interval is common and bifid P wave of mitral type may occur. The frontal vectorcardiogram is also distinctive.
It is now possible to diagnose the three main anatomical varieties of A.S.D. with considerable accuracy. We have not yet failed to recognize a primum defect before surgery. It is very important to diagnose them as their repair requires extracorporeal circulation, whereas we do the secundum defects under hypothermia.
Clinical Course
The ordinary fossa ovalis secundum defect is a relatively benign lesion. A few patients die in infancy from pneumonia, otherwise they usually remain free from serious cardiac symptoms until adult life. Between the ages of 20 and 40 cardiac symptoms begin to appear, and by the age of 40 about half are seriously handicapped. Gross cardiac enlargement, atrial fibrillation, pulmonary hypertension and congestive failure become increasingly common after the age of 30 (see Tables 2 and 3 ).
The average age at death is usually given as about 35. Of 6 non-surgical deaths in my series, the average age was 40; all ofthem had pulmonary hypertension. Of our 9 surgical deaths, 7 were aged over 40 and their expectation of life was probably short.
In primum defects, the outlook is much less favourable. Most cases of common A-V canal die before the age of 4 years and many of the less complicated primum defects die before 30, but a few survive longer.
Indicationsfor Surgical Treatment
The proper time to close an A.S.D. is before the age of 20, when the heart and pulmonary vessels are relatively intact, and before the occurrence of symptoms. The operative mortality in such favourable cases is now extremely low, less than 1 % in our surgical series, so that surgical closure as a routine is justified, unless the shunt is extremely small.
In those aged over 40 with unfavourable features such as gross cardiac enlargement, pulmonary hypertension, atrial fibrillation, mitral stenosis or congestive failure, the operative mortality was 11 % but the need for surgery is greater and the majority of such patients are willing to accept the risks. The only absolute contra-indication to surgery is obstructive pulmonary hypertension with a vascular resistance exceeding 4 to 5 units, and a left-to-right shunt of less than 2 to 1. In such cases the mortality is prohibitive and the few who may survive operation are unlikely to gain much benefit.
The results of surgery in secundum defects have generally been most satisfactory but there is a definite post-operative morbidity mainly due to atrial flutter which resists treatment. Postoperative flutter occurred in 15 % of our patients, in one-third of whom it has proved resistant to treatment.
In the case of primum defects we do not yet know the indications for surgery, but the operative hazard is greater (16% in our 31 cases), and the benefit is often less than in the case of secundum defects, though some cases do extremely well. Further experience will probably enable us to select those most likely to benefit from surgery and to reduce the operative mortality.
Mr T Holmes Sellors (London) Atrial Septal Defects
Our policy for the treatment of atrial septal defects has been to close them under direct vision, using for the secundum variety hypothermia at 30°C, and for ostium primum lesions normothermic perfusion. Since ostium secundum lesions can be closed by direct suture within ten minutes we feel that the technical simplicity of 30°C hypothermia, which we have now used in 400-500 cases, has advantages over extracorporeal circulation methods which involve heparinization, a considerable volume of donor blood and an elaborate apparatus. The advantage of 30°C hypothermia is its simplicity and relative freedom from complications: its limitation is the time allowed for circulatory arrestten minutes. If all secundum defects are to be treated under hypothermia it is essential to ensure accurate diagnosis and distinction between the two varieties. In the present series no primum defect was exposed under hypothermia (except for 2 cases beforeperfusionwas available). It is a tribute to Dr Evan Bedford and his fellow cardiologists that they have been able to establish such a high standard of diagnosis in 300 cases (Table 1) .
Secundum Defects
Secundum defects are treated by direct suture under 30°C hypothermia, which is produced by surface cooling in the method developed by Sellick (1957, Lancet i, 443) from the original technique of Swan. Over 270 operations have been undertaken by this method without serious problems from the use of hypothermia.
Secundum defects fall into 3 main groups, over 200 of them being of the foramen ovale variety. The opening may involve the whole area of the fossa ovalis or it may be partial with fenestration or with remnants of the ovale valve. The second group, which is strictly a sub-division of the ovale type, is called the inferior cavalform. This has no lower border so that the inferior vena cava opens directly into both atria. The absence of a lower margin is of surgical importance since inaccurate closure may lead to deflection of the blood stream into the left atrium with resultant cyanosis. The third type is the sinus venosus or superior caval variety. This is a small defect in the upper part of the atrial septum, and it is the only type that is regularly associated with anomalous right pulmonary venous drainage. We have only encountered one case of anomalous drainage not associated with this form of defect. It may not always be possible to close the defect and deflect the right pulmonary veins into the left atrium, but in most cases an effective closure can be achieved and most of the venous drainage deflected. Where there would be any risk of narrowing the superior vena cava it is better to leave one vein to drain into the right side. The residual shunt is not significant.
The defects are closed by direct suture with non-absorbable material, using a double row of interlocking continuous stitches. In the case of inferior caval defects the first stitch at the lower end has to be inserted so that it takes in not only both edges but also the posterior wall of the left atrium. This avoids deflecting the blood from the inferior cava into the left atrium. Central cyanosis and clubbing occurred in 4 cases from failure to observe this point and correction at the same operation or later was necessary. In sinus venosus defects it is usually possible to place the suture line so that the veins are directed into the defect and into the left atrium without endangering the superior vena cava. If one of the anomalous veins enters high in the atrium or into the vena cava it should be left alone unless a left superior vena cava is present. This permits division of the right superior vena cava which facilitates the repair. We do not recommend anastomoses or replacement of veins in these cases.
No case of secundum defect has required a patch or prosthesis for its closure and there has been no observed instance of breakdown or tearing out of the suture line. This is largely due to the fact that once the defect is closed and the shunt abolished the distension of the right atrium is reduced and the strain on the suture line is lessened. Of 65 patients catheterized after operation 87% were shown to be completely closed. In 7 cases, operated on in the early days of open heart surgery, a small residual shunt was observed. In very large or total defects there were 4 cases of heart block, presumably from trauma or traction in the region of the A-V node. There have also been a number of cases of atrial fibrillation and flutter. Flutter occurred in 34 patients and persisted in 8 of these. These were thought to be produced by damage to the atrial wall, but there seems no relationship between the size or the placing of the incision and the incidence of this complication. Ventricular fibrillation has been rare so long as the body temperature did not fall below 29-50C. There were 12 cases and most of these reverted with defibrillation or warming, but 3 patients died.
The overall operative mortality in 272 cases was 3 *3 %. In 206 good risk cases it was 0 5 %. In patients with pulmonary hypertension, very large hearts, a history of failure or added mitral stenosis (the bad risk group) the mortality was much higher, i.e. 12% amongst 66 cases. There were two deaths in 18 sinus venosus defects-one from an overlooked mitral stenosis (Table 2) .
Primum Defects
The surgery of ostium primum defects is a more complicated procedure than of the secundum form. Table 3 shows the different anatomical types. These defects are treated by open heart surgery using perfusion with full body flow (Mayo Gibbon apparatus) and without cardiac arrest.
The defect is invariably associated withacleftor deformed mitral valve. To overcome valvular insufficiency the 'cleft' has to be closed by suture before the actual defect is occluded. The defect presents as a crescentic opening with a welldefined upper atrial edge and the mitral-tricuspid valves over the ventricular septum as a 'lower' border. Direct suture fails to maintain closure and a patch or prosthesis is required to obliterate the defect (Fig 1) .
In 3 instances deaths were due to perfusion errors or to some technical problem, one was caused by reactionary hemorrhage, the others were due to clotting difficulties. There were two later deaths from subacute bacterial endocarditis. There have been 4 cases of heart block (one of them temporary) presumably due to traction or hiematoma in the region of the node. A long-term analysis of the results of surgery in primum defects is not yet practicable, but several impressions have been gained from clinical and catheter findings. In the early cases in which a patch was not used there was a high incidence of breakdown of the suture line. Out of the first 7 cases that were catheterized there was evidence of an appreciable shunt in 3. The later cases have been much more satisfactory, but complete closure of the shunt is not always obtained. Without a detailed study it is not possible to say how effective the restoration of valve function has been, though the improvement or abolition of the mitral murmurs has been achieved in most cases. In general there is considerable benefit to the heart action with reduction in its size and diminution of right heart activity, and coupled with this is an improvement in the patient's general condition.
Dr J F Goodwin (London) Ventricular Septal Defect
The indications for surgical treatment of ventricular septal defect must be considered in the light of the prognosis without surgery. It is generally acknowledged that the prognosis for large defects in the first year of life is poor, death from heart failure and pulmonary hypertension, and from respiratory infections, being common (Reinhold 1958 , Marquis 1950 , Zacharioudakis et al. 1957 , Bonham-Carter 1959 , personal communication, Morgan et al. 1960 . After the age of 2 years, children often improve and may be quite active, although respiratory infections are frequent and physique poor. Pulmonary vascular disease and pulmonary hypertension rarely increase in infancy (Downing 1959 , Nadas 1960 ), but may do so in later life (Keith et al. 1958 , Brotmacher & Campbell 1958 .
The ultimate prognosis of ventricular septal defect is obscure, for few adult patients are seen either in life or at necropsy (Wood et al. 1954 , Brotmacher & Campbell 1958 . There are several possible reasons for this: the defect may close in early life (Evans et al. 1960) , ths condition may be transformed into the tetralogy of Fallot as a result of progressive infundibular obstruction (Gasul et al. 1957 , Brotmacher & Campbell, 1958 , and defects may be missed at necropsy if small and multiple and situated in the muscular portion of the septum. In patients with very large defects and pulmonary hypertension, surgical closure is indicated to prolong life, but in those with medium or small defects, the threat to life without operation is less certain. But in those children who are physically handicapped by a large defect, closure of the defect results in improvement in physique and freedom from respiratory infections.
The conclusions to be presented are based upon the results in 95 patients operated upon at Hammersmith Hospital by Mr W P Cleland, Mr H H Bentall and Mr L L Bromley under total cardiopulmonary bypass using the Melrose-N.E.P. pump oxygenator. The medical assessment and after-care has been carried out with my colleague Dr A Hollman, who is associated with me in this report.
The patients' ages ranged from 2 to 56 years, the majority being aged 5 to 10 years. Only 7 patients were over the age of 20 years. Operation under the age of 2 years carries a high mortality and we have not attempted operation in this age group.
The indications for operation must be considered in the light of its risks and the results achieved (Table 1 ). The mortality rate of 13 6% was found to be related to four main factors: pre-existing pulmonary vascular disease, significant associated cardiac lesions, complete heart block occurring during the closure of the defect and persisting, and reopening of the defect. The best results were found in patients who had a satisfactory fall in right ventricular pressure immediately after closure of the defect and in whom heart block did not occur. Residual small left-to-right shunts indicating opening of the defect did not occasion any anxiety after the first week following the operation. Of the 82 patients alive and well after the operation, 18 had some degree of left-to-right shunt. This aspect will be considered further by Mr Cleland and Dr Hollman.
In assessing patients for operation the degree of pulmonary vascular disease was of the greatest importance. Appreciable pulmonary vascular disorder is unusual in patients with small defects, who may be free of symptoms. Patients with a ratio of pulmonary to systemic blood flow of less than 1-5:1 were not considered to require operation unless symptoms were present, pulmonary hypertension was a feature, or the physical and other signs suggested that the flow ratio had been under-estimated by catheterization. Patients with medium-sized or large defects usually had a history of feeding difficulties and respiratory infections in infancy, the respiratory infections often persisting into childhood, being associated with poor physique and stature, although physical activity was often but slightly impaired. Table 2 shows the mortality related to pulmonary vascular disease, and indicates that mortality was significantly higher when the pulmonary vascular resistance measured at catheterization exceeded 8 units. It also shows that a high resistance does not necessarily contraindicate operation, for 75 % of these patients were successfully operated upon. xO-3-984
The physical signs provided the best guide to the degree of pulmonary vascular disease; in particular the length of the systolic murmur of the septal defect contrasted well with the pulmonary vascular resistance. A full-length murmur suggested a low resistance, and when this was accompanied by a long thrill, a left ventricular thrusting cardiac impulse, a mid-diastolic apical murmur due to increased flow through the mitral valve and a cardiogram showing deep Q waves in left precordial leads, with tall R waves and left axis deviation, a good result could be confidently predicted, provided no serious associated cardiac lesions were present. By contrast, a short ejection systolic murmur, a loud and narrowly split second heart sound, poor thrill and absent mitral flow murmur indicated severe pulmonary vascular disorder, with an operative risk of up to 25%. However, such patients often did well, especially when the pulmonary artery pressure fell to 50% or less of the systemic immediately after closure of the defect.
Complete heart block occurred in 15 patients and was permanent in 4. It occurred more commonly in patients with pulmonary vascular disease, and in those with larger defects. Three of the 4 patients who died in block had a pulmonary resistance above 5 units, further evidence of the added hazard of pulmonary vascular disease (Table 3) . of those who died had some severe additional lesion (Table 5 ). It is clear that ventricular septal defect is by no means always a simple lesion and that the detection of associated anomalies is of the greatest importance in assessment for operation. A full clinical study of each patient, including catheterization, selective right ventricular angiocardiography and sometimes aortography, is most important. Patients with pulmonary: systemic flow ratio of less than 1 5: 1, a pulmonary vascular resistance above 10 units and a right-to-left shunt were rejected for operation on the grounds of severe pulmonary vascular disorder.
Patients with a low pulmonary resistance and no severe added lesions may confidently be advised to undergo surgery, the risks being in the region of 5 % and the results most gratifying in terms of restoration of normal health. Patients with large left-to-right shunts and high pulmonary vascular resistance are in great need of operation but higher risks must be faced. The hazard of complete heart block is never completely absent and this must be taken into account before considering symptomless children with smaller defects, although persistent block has not been a feature of small defects in our series. Mr W P Cleland (London) Ventricular Septal Defects I propose to exclude complicated defects, where the surgery is difficult and hazardous, and consider only the more straightforward ventricular septal defects. This will give an idea of what may be expected from surgery in the ordinary case. The majority of the patients have been operated on at Hammersmith Hospital by Mr H H Bentall, Mr L L Bromley and myself, but some have been operated on by me at the Brompton Hospital. I have selected the first 100 patients in order to make analysis easy and to provide an adequate period of observation after operation. Table 1 shows the over-all results in these 100 patients. Alive and well 77 The operative mortality was 11 % and there have been no later deaths. Three are alive with a permanent heart block and 9 are alive with a significant residual shunt. 77 are alive and well from the point of view of their ventricular defect but some of them are disabled from associated aortic valve disease and mitral valve disease which could not be corrected at the time of the operation. Fig 1 depicts diagrammatically the interventricular septum as viewed from the right ventricle. The position of the crista supraventricularis (B), to which these defects are related, should be noted: A, C, E and F are the common sites of the defects; C is the common infracristal type and it is this defect whose posterior angle lies in close relationship to the atrioventricular bundle as it passes from the A-V node to the ventricles. Table 2 shows the incidence of the various types of defect. 70 % are infracristal and together with a further 11 tricuspid defects make a total of 80% which are in close relationship to the A-V bundle and so are liable to the complication of heart block after operation. There were 6 supracristal defects and the majority of these have been associated with minor or moderate degrees of aortic incompetence.
There is a small but important group with a fenestrated septum with multiple communications between the two ventricles. This is an extremely difficult type to deal with surgically and both our patients have persistent shunts. Eight patients had multiple defects; it is very easy to overlook one or more of these multiple defects at the time of operationan error which has occurred twice.
All the patients were operated on with the aid of extracorporeal circulation, using the Melrose/ N.E.P. heart-lung machine.
The first 50 or thereabouts were done using potassium citrate arrest of the heart but the remainder were operated on with the body temperature reduced to 300C associated with intermittent aortic clamping. We have not considered it necessary to reduce the temperature to the point where there is hypothermic arrest of the heart, nor have we been keen to employ anoxic arrest. We prefer to keep the heart beating reasonably well for two reasonsto be able to monitor the bundle and so determine whether heart block is imminent and to be able to determine accurately the effici-ency of closure by maintaining a good ventricular beat throughout.
Wherever possible we try to close the defect by direct suture, but in larger defects, and particularly in those with fleshy muscular margins, we consider it wise to use a prosthesis. In 21 patients a patch of Teflon felt has been used to occlude the defect. A comparison between the two groups revealed no significant difference in the incidence of heart block or of residual shunt after closure.
Careful analysis of the pre-operative data has shown that the most important determination is the level ofthe pulmonary vascular resistancewhen assessing operative risks and ultimate prognosis. Table 3 shows the effect of pulmonary vascular resistance on mortality and results.
There were 74 patients with a low resistance (less than 8 units) with 5 deaths, 8 with heart block (2 permanently), 5 with residual shunts and 80 % gave a good final result. In the higher range of resistance (over 8 units) there were 26 patients with a 21 % mortality but 54% finally had a good result. At the time of the operation, the most important single estimation indicating success, or possible failure, is the level of the pulmonary artery pressure after closure of the defect. Table 4 shows the effect on the results of the postoperative level of the pulmonary artery pressure (expressed as a percentage of the systemic blood pressure).
There were 16 patients in whom the pulmonary artery pressure was above 50% of the systemic pressure after operation. Of these 16, 6 died and in only 8 was there finally a good result. This contrasts with 3 deaths among 82 patients in whom the pulmonary artery pressure was below 50% of the systemic; 66 of these patients did well. Table 5 indicates the factors which we consider were basically responsible for death amongst the 11 patients who died after operation. There is no one very important cause of death. Heart block was primarily responsible for the death of only one patient, although in two others it was present in addition to other serious handicaps. In only two patients were respiratory difficulties basically responsible for death.
In the post-operative period there are two main concerns about the patient. The first is the occurrence of complete heart block and the secondis the persistence of a left-to-right shunt. That these are complementary will be seen from Table 8an increase in the incidence of heart block being associated with a reduced incidence of persistent shunt and vice versa.
There is a constant conflict in the surgeon's mind between effecting complete and permanent closure yet avoiding damage to the bundle of His. Table 6 shows 14 cases in which complete heart block was produced. Three of these died, but only one was directly due to the block. Only 3 have permanent block and they have survived for one year or more. The other 8 patients reverted to sinus rhythm after the period stated. Although sinus rhythm appeared six weeks after operation in one instance, reversion rarely occurs after three weeks. Twelve of the patients had large defects which were difficult to close and 6 had a high pulmonary resistance. Table 7 shows patients who had a significant residual shunt as assessed some months after operation. There was a slightly higher incidence where the defect was closed with a patch but this may merely be due to the fact that these were Table 6 Ventricular septal defects: Complete heart block r3 deaths 14 cases -3 permanent L8 temporary -2 hours, 4 hours, I day, 4 days, 10 days, 14 days, 21 days, 42 days 12 had defects of over 2 cm diameter 6 had a high pulmonary vascular resistance Table 7 Ventricular septal defects: Residual shunt (9 patients) Defect closed by direct suture 6 out of 79 Defect closed by Teflon patch 3 out of 21 Six of the patients had either large or multiple defects larger and more difficult defects to close. Six of the patients with residual shunts had either very large or multiple defects.
There were 11 other patients who had clinical signs suggesting a shunt but investigations have failed to provide confirmation. Table 8 shows the results for theyears 1958, 1959 and 1960 . There was a gratifying fall in mortality in 1960 to 2-2%. From the surgeon's point of view, the hazard is mainly that of a difficult anatomy, particularly that of the large defects which plunge deeply down towards the tricuspid annulus in which the bundle is in great peril and where closure can only be effected by implicating part of the tricuspid valve. If complete closure can be achieved without the production of heart block the outlook is excellent with remarkable improvement in the clinical condition of the patient especially where there are no additional complicating lesions.
This survey fails to support the gloomy outlook which has been held for the higher resistance group. The mortality rate in this group is not prohibitive and in 50% there were very satisfactory late results.
Dr A Holiman (London)
The Status of the Patient after Leaving Hospital Improvement in physical condition: The great majority of patients notice increased physical vigour with lessening or disappearance of breathlessness and fatigue after operation. This occurs even in those who had no symptoms before the operationpresumably because they were leading rather restricted lives. Auscultatory signs: After operation a systolic murmur may still be heard, but only in a minority of cases does this mean that the ventricular defect is still open, as shown in Table 1 . Fifteen out of 18 soft (Grade I) systolic murmurs had no detectable cause and were classed, therefore, as being innocent. Of Grade II murmurs slightly over half were innocent, but over a third were due to an associated cardiac lesion such as pulmonary stenosis. The loud murmurs (Grades III and IV), often with a thrill, were due in 60 % to a residual shunt, and only a few were innocent. Persistent left-to-right shunts were found in 18, but these were large only in 2 patients. A typical example of a small residual shunt is seen in Fig 1. There is only a small rise in oxygen saturation between right atrium and right ventricle and it is the dye dilution curve that indicates definitely that a shunt is present.
In 5 patients an early diastolic murmur, almost certainly aortic, developed post-operatively, the onset varying from a few weeks to several months. In 1 patient there was also a gradual appearance of an aortic systolic murmur. The genesis of these bruits is uncertain but they may saturation at cardiac catneterization, ana pulmonary artery pressure in a 13-year-old patient two years after operation. It shows that the loud persistent systolic murmur may be due to a barely detectable residual shunt be due to fibrosis related to the sutures in or near the aortic ring. Relief ofpulmonary hypertension: Several of our patients have been catheterized up to two years after operation, and the results in 5 patients are shown in Table 2 . The relief of pulmonary hypertension occurs when the defect is closed, and there is no evidence, on these figures, of lat'e relief of the residual pulmonary hypertension due to gradual resolution of organic pulmonary vascular changes. Changes in the electrocardiogram: Nearly all the patients developed right bundle branch block after operation, the main exception being those with supracristal defects. In many patients the branch block is complete, and is associated with striking T-wave inversion from V1 to V. or further.
Although these changes look unpleasant (Fig 2) there is no detectable cardiac disability. In a few patients followed for a year or more after operation the ECG changes have tended to regress.
Meeting March 281961

Isotopes in Medicine
Professor G M Wilson (Sheffield) Radioactive Isotopes in Diagnosis Radioactive isotopes have been used for over ten years as investigative agents in clinical medicine and have been employed as aids to diagnosis in a very wide variety of conditions. Certain general principles underlie their use in the study of disease processes. The tissues of the body handle in the same way the naturally occurring form and the radioactive isotope of an element. The isotope can be readily identified, followed through the body and measured in body fluids and excreta by the characteristic radiations which it emits. The radioactive isotope may be administered in a simple inorganic form to trace an element naturally present, for example iodine. It may be incorporated in a complex molecule by synthesis outside the body and then administered in this form to trace the compound, for example 58Colabelled vitamin B12. Certain elements are taken up by particular cells and bound relatively firmly: 56Cr can be used to label red cells in this way and their survival in the blood stream can be followed. No clear distinction can be drawn between the diagnostic use of radioisotopes and their employment in clinical investigation and research. I review here their advantages and limitations in some thyroid, gastroenterological and heematological disorders.
Thyroid Disorders
The thyroid gland concentrates iodide from the plasma and utilizes it in the formation of the hormones thyroxine and triiodothyronine. The passage of iodide into the thyroid and its subsequent release in an organic protein-bound form can be traced by using a radioactive isotope of iodine. Those in common use are l1l1 and l321. The latter has a short half-life of 2-3 hours. This has the advantage that it gives only a small irradiation dose to the gland, but greatly restricts its clinical use. 1311, with a half-life of eight days, is more generally useful but it should be employed in children only in exceptional circumstances. A great variety of clinical tests have been devised employing 1311 to assess thyroid function.
The assumption is made that the distribution of the tracer dose between the thyroid, blood and urine reflects the activity of the gland in the synthesis and secretion of hormone. The interpretation of the tests is usually straightforward, hypothyroidism being associated with a decrease in thyroidal uptake of 131I and hyperthyroidism with an increased uptake and passage of a higher fraction of the dose into the blood in protein bound form (P.B. 131I). No clear-cut boundary exists between the normal and the hypothyroid state. Thyrotoxicosis is more readily distinguished, particularly if both the thyroid uptake and the P.B.111I are measured (Wayne 1954). However, changes in uptake of 131I or concentration of P.B.3111 do not necessarily indicate any alteration in thyroid hormone output. High uptakes may be encountered in non-toxic goitre and elevated P.B.1311 values in Hashimoto's disease, although the rate of release of hormone may be within the normal range in both conditions. Most of the difficulties;in -interprefing' theresults of tracer tests arise from failure to recognize that the results are greatly influenced by the conditions under which the tests are performed. Thus, previous treatment with substances affecting hormone synthesis or the unwitting administra-
